A 3 x 2 trial was conducted to determine the effects of adding canola oil (0, 5, or 10%) and copper sulfate (0 or 250 ppm CUI to diets of growing-finishing swine on performance, carcass characteristics, and carcass fat fatty acid composition. The trial used 180 pigs (27 kg). Grower diets (.80% lysine for 0% canola oil diet) were given from 27 to 57 kg of BW and finisher diets (.64O/0 lysine) from 57 to 102 kg. Diets were formulated to constant ME:lysine ratio within the grower and finisher phases. Over the entire growing-finishing period, the addition of canola oil to the diets resulted in linear improvements in rate of gain (P < .05) and feed efficiency (P < .011.
Introduction

~
The level of saturation in pork fat can be reduced by feeding swine diets that contain a n unsaturated fat source (Ellis, 1933;  Brooks, 1971 ; Skelley et al., 1975;  St. John et a] ., 1987). Much of the previous research with pork fat modification used diets containing fat sources high in polyunsaturated fatty acids (Skelley et al., 1975 ; Hartman et al., 1985) . There has been an increased interest in the use of vegetable oils high in monounsaturated fatty acids, such as canola oil (St. John et al., 
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To achieve a significant change in the fatty acid profile of pork fat, previous research used diets with high levels (i.e., 2 10% of the diet) of canola oil (St. John et al., 1987; Miller et al., 1989) . These dietary levels are rather impractical for pig feeding systems used by most producers in the United States. High dietary levels of copper sulfate for growth promotion (i.e., 125 to 250 ppm CUI have been reported to increase the proportion of unsaturated fatty acids in the carcass €at of pigs (Taylor and Thomke, 1964 ; h e r and Elliot, 1973; Thompson et al., 1973; Ho et al., 19751. Thus, the addition of dietary copper sulfate with canola oil may have an additive effect on increasing the proportion of monounsaturated and total unsaturated fatty acids in pork fat. Thus, the objective of this study was to determine the effects of adding 5 or 10% canola oil to growing-finishing swine diets with or without added copper sulfate (250 ppm) on performance, carcass characteristics, fat firmness, and fatty acid profile.
Dietary unsaturated fat is known to increase the requirement for vitamin E, and Cu is known to accelerate oxidation reactions (Ullrey, 198 1) . Serum a-tocopherol levels of the pigs were measured during the feeding phase to assess the effect of the inclusion of canola oil and copper sulfate in the diets on vitamin E status of the pigs. 
Materials and Methods
The feeding trial was conducted at the Marianna Agricultural Research and Education Center swine research unit located in northwest Florida. The feeding trial consisted of six dietary treatments, arranged as a 2 x 3 factorial, and involved 180 crossbred pigs with an average initial weight of 27 kg. Diets contained 0 , 5 , or 10% added canola oil with or without 250 ppm of extra Cu added in the form of copper sulfate. Pigs were allotted to pens of five pigs each based on sex, weight, and litter origin. Pens were assigned at random to one of the six dietary treatments within each of six replications. Pigs were fed grower diets (Table 1) to an average weight of 57 kg and then fed the finisher diets (Table 2) . Finisher diets were fed until pigs averaged 102 kg. Diets were formulated on a constant ME:lysine ratio within the grower and finisher diet types. The NRC (1988) guidelines were used in diet formulations. Pig weight gain and pen feed consumption were recorded and feed: gain ratios calculated for the grower phase, the finisher phase, and the entire growing-finishing period. Pigs were allowed ad libitum access to feed and water. Pigs were housed in a curtain-sided building in 2-m x 4.5-m pens with solid concrete floors with an open flush gutter across the rear dProvided 27.5 m g of zinc bacitracin per kilogram of diet. eDegummed crude canola oil (composition given in Table 3 ). fCaiculated using NRC (1988) table values with ME of canola oil estimated at 7,300 kcallkg. blood sampling. Procedures used for sample preparation and the quantification of serum a-tocopherol levels were by the method of Hidiroglou et al. (1988) .
The canola oil used was crude degummed oil portion of the pen (20% of floor space). The feeding trial was conducted during the winter and spring. At approximately 60 to 70 kg of BW, two blood samples were obtained via the orbital sinus from one representative barrow and gilt per pen. Serum from one sample was frozen (-20°C) and serum from the other was refrigerated (4°C). The frozen samples were analyzed for a-tocopherol concentration, and the refrigerated samples were sent to a commercial laboratory (Roche Biomedical Laboratories, Birmingham, ALI and analyzed for the level of glutamic oxaloacetic transaminase (GOT), lactate dehydrogenase (LDH), and glutamic pyruvic transaminase (GPT) activity. The activities of the enzymes were measured in the blood serum using a SMAC autoanalyzer (Technicon, Tarrytown, NY). Enzyme analyses were done within 36 h after I with no antioxidant added (Canbra Foods, Lethbridge, Alberta, Canada). Representative samples were obtained and sent to a commercial laboratory (Woodson-Tenent Laboratories, Memphis, TN) for determination of fatty acid composition and content of moisture, insolubles, and unsaponifiables. Representative samples of the diets were also collected and sent to a commercial laboratory (Woodson-Tenentl for proximate and vitamin A analyses. Samples for proximate analysis were collected after diet mixing; those for vitamin A were collected weekly from the feeders, pooled, and frozen. Vitamin A analysis was performed on the finisher diets only.
After the feeding phase was terminated, two representative pigs per pen (one barrow, one gilt; middle-weight pig within sex) were slaughtered for carcass evaluations. After chilling for 24 h at 0 f 2"C, each carcass was scored subjectively for fat firmness. Backfat thickness and longissimus muscle area, color, marbling, and firmness were also obtained using standard procedures (NPPC, 1983) .
Carcass fat samples were obtained opposite the 8th to 10th rib area (all layers), opposite the first to second rib area, and at the cut surface by the ham. Fat samples were vacuum-packaged and frozen (-2OOC). Sample preparation and fatty acid composition analysis procedures were the same as those described by Myer et al. (19851. Fatty acids were expressed as a percentage of the total sample.
Performance (ADG, ADFI, and feed:gain ratio) data were determined on a per-pen basis. Carcass data were determined on a per-pig basis. Data were analyzed by analysis of variance for a randomized complete block design with a 2 x 3 factorial arrangement of treatments (SAS, 19851. 
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Results and Discussion
Composition of the canola oil used in our study is given in Table 3 . As expected, the canola oil was high in monounsaturated fatty acids and its level of total unsaturated fatty acids was very high (94% of total). For comparison, the fatty acid profile of soybean oil is approximately 85% unsaturated (15% saturated); most of the unsaturated fatty acids are the polyunsaturates (60% poly, 25% mono; Berschauer, 1986) .
A summary of the performance data from the growing-finishing feeding trial is presented in Table 4 . The data presented are for the entire growing-finishing period, because responses to treatment were similar during the grower and finisher phases.
The addition of canola oil to the growingfinishing diets linearly improved (P c .05) rate of gain. Dietary fat supplementation has been reported to usually result in improved pig growth rate, particularly if the 1ysine:energy ratio is held constant, as in our study (Pond and Maner, 1984; Stahly, 1984; Prince, 1987) . However, Chiba et al. (1991) reported similar gains when 1ysine:energy was held constant but increased weight gain when the ratio was increased in growing pigs. As expected, the inclusion of canola oil in the diets resulted in improved ( P c .01) feed:gain ratios. The improvement in feed:gain ratio agrees with that usually obtained when fat (or oil) is added to swine diets (Pond and Maner, 1984; Stahly, 1984; Prince, 1987) .
Copper sulfate supplementation (250 ppm of CUI had no effect (P > .lo) on swine growth rate or feed efficiency. Although Cu supplementation above the dietary requirement, in the form of CuS04 has been shown to enhance pig performance, most ET AL. consistent results have usually been noted with young, starter pigs. With older, growing-finishing pigs, like those used in this study, the results have been inconsistent (Braude, 1967; Wallace, 1967; Amer and Elliot, 1973; NCR-42, 1974) . In addition, a n antibiotic was added to the diets used in our present study. The best responses to CuS04 have been shown to occur with diets that were not supplemented with antibiotics (Braude, 19671. Dietary addition of canola oil or CuS04 had no effect ( P > .lo) on backfat thickness or longissimus muscle area (Table 5 ). Dietary addition of canola oil was found to decrease (P < .01) longissimus muscle marbling and lean color scores. Addition of CuS04 was found to have a slight ( P < .lo) effect of decreasing longissimus muscle firmness. The effect of dietary canola oil addition on marbling and lean color was observed mainly for loins from pigs fed diets containing the 10% level of the oil and not the 5% level. The decrease in scores noted for these two traits is in agreement with the report of West and Myer (1987) with pigs fed peanuts. Peanuts are quite high in unsaturated fatty acids. The decrease in marbling scores noted in the present study may be due to visual masking of the marbling rather than an actual decrease per se. Subsequent analysis indicated that the fat content in the lean of the loins was not affected by dietary canola oil addition (J. W. Lamkey et al., unpublished results), thus indicating that the marbling was present but was not readily visible. A similar observation has been made for longissimus muscle from swine fed high levels of ground, whole sunflower seeds, which also contain high levels of unsaturated fatty acids (Marchello et al., 19841. Canola oil addition to the diets resulted in a linear decrease ( P c .011 in carcass fat firmness (Table 5) . However, the scores obtained from the aBased on information from 12 animals per treatment. bAdjusted to 80 kg of hot carcass weight. 'Scores: 1 to 5 ; 2 = gray; 3 = light pink. dScores: 1 to 10; 3 = traces; 4 = slight; 5 = small. eScores: 1 to 5; 2 = f i 3 = slightly firm. fScores: 1 to 4; 1 = firm; 2 = slightly soft; 3 = soft; 4 = very soft, oily %near effect of canola oil Ip < ,011. hEffect of CuS04 (P 4 ,101. 5% oil treatment indicated that these carcasses still would be acceptable to the meat packer (Myer et al., 19851 . Addition of CuS04 had no effect (P > .lo) on average carcass fat firmness scores. Carcass fat fatty acid composition data were pooled across the three sampling sites because the response to treatment was similar. The addition of canola oil to the diets resulted in a reduction (P e .01) of total saturated fatty acids and a n increase (P < .011 in monounsaturates and polyunsaturates (Table 6 ). The greatest changes were noted upon addition of 10% canola oil to the diets; however, even at the 5% level, an average 23% reduction of total saturated fatty acids was obtained. Although the canola oil was quite high in monounsaturated fatty acids, we observed only a relatively small increase in the carcass fat content of monounsaturates. This lack of a major increase is probably due to the relatively high level of monounsaturates that occur naturally in pork fat (Berschauer, 19861 and was noted for the pigs fed the diets without added canola oil ( Table 6 ). On the other hand, we measured a rather large percentage increase in the polyunsaturates in the carcass fat, even from pigs fed the diets containing 5% canola oil. Even though canola oil was quite high in monounsaturates, it also contained a level of polyunsaturates, as a percentage of total fatty acids, that was higher than that normally found in pork fat, and these polyunsaturates seem to be readily deposited in pork fat.
The addition of CuS04 to the diets had no effect (P > .lo) on resulting carcass fatty acid profile (Table 6 ). This finding agrees with the lack of a n effect on carcass fat firmness. The lack of a n effect of dietary CuS04 addition on increasing the proportion of monounsaturates in the carcass fat is in contrast to that observed by others (Thompson et al., 1973; Ho et al., 1975; Astrup and Matre, 1987) . However, the previous changes noted by others with carcass fat fatty acid profile was usually of a small magnitude. 
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Dietary canola oil additions, either with or without 250 ppm of Cu from CuS04, did not have a negative influence on serum tocopherol levels (Table 7) . In fact, tocopherol levels increased ( P e .05) with additions of dietary canola oil. The increases may have been reflective of the levels of naturally occurring tocopherols found in vegetable oils, particularly in the unrefined oils similar to that presently used (Berschauer, 1986) . Serum tocopherol levels increased in spite of the presence of CuS04 in the diets. A high dietary level of CuS04, such as that used in our study, has been shown to decrease the level of naturally occurring tocopherols in feed and to decrease blood tocopherol levels in pigs (Dove and Ewan, 1990) . Reason(s1 for this disagreement idare) not known, however; in our study relatively fresh feed was fed (usually 1 to 10 d after mixing, but no more than 14 d).
Although some significant increases were noted in serum GOT, GPT, or LDH upon dietary addition of canola oil or CuS04 (Table 71, the increases were small and seemed not to be reflective of tissue damage and were within normal ranges (Kaneko, 1980) . These enzymes have been shown to be increased in situations of a vitamin E deficiency in the pig (Ullrey, 1981) .
We had concerns that the high Cu levels along with the addition of the highly unsaturated canola oil might cause diet rancidity and destruction of important nutrients, hence the reason for measuring vitamin A levels in diet samples taken from the feeders. Vitamin A levels of all diets were found to be similar across treatments (mean, 2,950 IU/kg; range, 2,775 [diet 3 1 to 3,070 [Diet 51).
During the feeding phase of the trial, diets containing 10% canola oil were rather difficult to handle and did not flow well through the feeders. Conversely, diets containing 5 O/O canola oil were easy to handle and flowed well through the feeders. Although not exerting as great of a n effect on fat modification as the 10% dietary level did, the 5 % dietary level nevertheless did increase the level of unsaturated fatty acids in the carcass fat. Dietary CuS04 addition was found not to augment the effect of canola oil on increasing the level of unsaturated fatty acids in the pork fat.
Implications
The addition of canola oil to diets of growingfinishing pigs improved performance when the diets were formulated to a constant 1ysine:calorie ratio. The highly unsaturated canola oil increased the unsaturatedsaturated ratio of fatty acids in the pork fat; however, some undesirable effects on carcass characteristics were noted. The effects on fatty acid composition were proportional to the ET AL. level of canola oil fed. Addition of copper sulfate to diets containing canola oil did not have an additive influence on pig performance, pork fat modification, or carcass characteristics.
